Objective: This trial compared attention-deficit/hyperactivity disorder (ADHD) treatment alone, intensive reading intervention alone, and their combination for children with ADHD and word reading difficulties and disabilities (RD). Method: Children (n ϭ 216; predominantly African American males) in Grades 2-5 with ADHD and word reading/decoding deficits were randomized to ADHD treatment (medication ϩ parent training), reading treatment (reading instruction), or combined ADHD ϩ reading
Attention-deficit/hyperactivity disorder (ADHD) and wordreading difficulties and disabilities (RD) are prevalent childhood disorders that frequently co-occur. Comorbidity between RD and ADHD typically ranges from 25% to 40% (Faraone, Biederman, Weber, & Russell, 1998; Willcutt, Pennington, Olson, Chhabildas, & Hulslander, 2005) . Children with comorbid ADHD/RD differ from those with only one of these disorders. For example, they exhibit more severe weaknesses in executive functioning tasks, greater academic impairment, and more pervasive and severe negative social and occupational outcomes than children with either disorder alone (Purvis & Tannock, 2000; Rucklidge & Tannock, 2002; Seidman, Biederman, Monuteaux, Doyle, & Faraone, 2001; Willcutt et al., 2010; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005) . Further, comorbid ADHD/RD is associated with more severe reading problems (Lyon, 1996) and lower grades than RD alone (McNamara, Willoughby, Chalmers, & YLC-CURA, 2005) , and more severe attention problems than ADHD alone (Mayes & Calhoun, 2007) .
Evidence-based treatments exist for both ADHD and RD. Both pharmacological (Sibley, Kuriyan, Evans, Waxmonsky, & Smith, 2014) and behavioral (Evans, Owens, & Bunford, 2014) interventions are efficacious for improving ADHD symptoms and some ADHD-related impairment. Current guidelines recommend combining these interventions for school-age children with ADHD (Pliszka & The AACAP Work Group on Quality Issues, 2007) . Children with dyslexia and those with less severe word reading difficulties benefit from intensive, systematic instruction in phonics and word identification, along with practice reading connected text (National Reading Panel, 2000) . Consistent with challenges and changes over time in the identification of learning disabilities (Fletcher et al., 2011) , the characterization of RD varies across studies; however, empirical evidence supports the same intervention approach for children with identified reading disabilities and those with less severe word-reading difficulties (see Fletcher, Lyon, Fuchs, & Barnes, 2007 , for a review).
Although the evidence for these intervention strategies for either of these disorders is clear, the most appropriate intervention strategy for children who have comorbid ADHD/RD is unclear. For example, if ADHD is targeted, might the attention improvements result in improved reading performance? If RD is targeted, might better reading performance result in improved attention and/or behavior? Or do children with ADHD and RD require simultaneous treatment targeting both disorders? Moreover, is there an additive effect of treating the two conditions simultaneously? With regards to the latter, it may be that treatment of ADHD symptoms and treatment of reading difficulties simultaneously may result in incremental benefit in terms of ADHD symptom reduction and higher reading scores than the benefits of either of these interventions implemented in isolation. These questions have clear clinical and educational implications; however, existing empirical evidence addressing them is sparse.
There is some evidence that providing RD treatment can impact inattention. For example, first-grade children provided with computer-assisted reading instruction targeting phonemic awareness, phonics, fluency, vocabulary, and comprehension, had greater reduction of teacher-rated inattentive symptoms and better oral text reading fluency outcomes relative to controls (Rabiner, Murray, Skinner, & Malone, 2010) . Another study, conducted with middle school students with severe reading difficulties showed that a response-to-intervention reading intervention including direct instruction in word reading, fluency, vocabulary, and comprehension delivered over a 3-year period improved both reading achievement and teacher-rated inattention (Roberts et al., 2015) . However, participants in these studies did not meet DSM diagnosThis document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
tic criteria for ADHD. It is not known whether similar effects of disorder-specific RD treatment would be observed for children who have both ADHD and RD. It has also been observed that inattention contributes to reading problems and their intractability (Jacobson, Ryan, Denckla, Mostofsky, & Mahone, 2013; Jacobson et al., 2011; Nelson, Benner, & Gonzalez, 2003) , leading to the hypothesis that disorder-specific treatment of ADHD symptoms will positively impact reading outcomes. This hypothesis has been supported by studies indicating that treatment with ADHD medications (including stimulants and nonstimulants) is associated with improved word reading outcomes in children ages 6 to 16 with ADHD/RD (Bental & Tirosh, 2008; Keulers et al., 2007; Shaywitz, Williams, Fox, & Wietecha, 2014; Sumner et al., 2009; Williamson, Murray, Damaraju, Ascher, & Starr, 2014) . However, there is also evidence that ADHD medications do not improve phonological processes key to reading development in children ages 5 to 11 (Balthazor, Wagner, & Pelham, 1991; Bental & Tirosh, 2008) ; thus, medication treatments may not have lasting effects on RD. Children in these studies met DSM criteria for ADHD, but the definition of RD varied. Some defined RD on the basis of low reading achievement (Bental & Tirosh, 2008; Williamson et al., 2014) , whereas others based identification on a discrepancy between IQ and reading achievement scores (Shaywitz et al., 2014; Sumner et al., 2009) or a combination of DSM-IV criteria for Reading Disorder and inadequate response to intensive reading intervention (Keulers et al., 2007) . Participants in these studies received only medication treatment without reading treatment so the studies do not provide a test of the additive value of ADHD treatment over reading treatment alone for reading outcomes.
Unimodal treatments may be insufficient for children with comorbid ADHD/RD. It has been reported that children ages 6 -12 with comorbid learning disabilities do not show as much improvement on ADHD symptoms in response to stimulant medication as those with ADHD only (Grizenko, Bhat, Schwartz, Ter-Stepanian, & Joober, 2006) . Similarly, higher levels of attentional problems moderated the beneficial effects of phonics-based reading tutoring for kindergarten to first grade children with reading difficulties, such that children with low attention problem scores benefited more from reading intervention than those with higher attention problem scores (Rabiner, Malone, & Conduct Problems Prevention Research, 2004) . Thus, the presence of a comorbid disorder may impact the effectiveness of unimodal interventions, implicating a need for a multimodal intervention strategy that addresses ADHD and RD simultaneously.
Only one published study has investigated the relative benefits of a combined ADHD and reading intervention strategy for ADHD/RD (Richardson, Kupietz, Winsberg, Maitinsky, & Mendell, 1988) . In a sample of 45 children ages 7-to 13-years with RD (based on low growth on selected reading subtests of the Decoding Skills Test and Peabody Individual Achievement Test) and comorbid hyperactivity, Richardson et al. (1988) assessed the impact of providing methylphenidate (MPH) at various doses or placebo along with 24 weeks of reading intervention (word-reading instruction with application in connected text). Results of this study were inconclusive. There was a significant effect of medication dosage on word reading, which appeared to be associated with better results for the highest dosage group. However, although MPH was positively associated with reading gains during the first half of the study, it was associated with declining reading scores during the second half of the study. This study had limitations that reduce its generalizability. For example, the reading intervention was provided by trained interventionists only once per week, relying heavily on parent practice for the remainder of the week, for which fidelity was not reported. In addition, all study assessments were conducted while children were on placebo, possibly attenuating any beneficial effects of MPH for those assigned to the medication group.
Purpose of the Study and Research Questions
The purpose of this study was to comprehensively address questions regarding appropriate intervention strategies for children with comorbid ADHD/RD. Our primary research questions were: (a) what are the relative impacts of disorder-specific ADHD treatment (i.e., carefully monitored medication and behavioral parent training) or reading treatment (i.e., systematic, phonologically based reading instruction) on word reading/decoding outcomes and ADHD symptoms among children with comorbid ADHD/ RD?, and (b) what is the incremental benefit of providing a combined ADHD and reading intervention compared with either of these disorder-specific interventions alone? We hypothesized that attentional outcomes would be significantly better in students who received ADHD treatment compared with students who received only reading treatment. We similarly hypothesized that reading outcomes would be significantly higher in students who received reading treatment compared with students who received only ADHD treatment. We hypothesized that children who received the combined treatment would achieve significantly higher attentional and word reading outcomes than children who received either disorder-specific treatment.
Method

Context
This study took place at two sites. One was in the Houston metropolitan area, where participants attended one of 17 schools, including 9 public schools in 2 school districts and 8 charter or parochial schools. The other site was in the greater Cincinnati area, where children attended one of 46 schools in 20 districts and 8 private or charter schools. The study was replicated with seven cohorts of children over five years to build the required sample size.
Participants
Children in Grades 2 to 5 were primarily recruited in schools, but also from outpatient clinics and the community. Figure 1 illustrates the process of recruitment, randomization, treatment, assessment, and analysis. The group of children assessed for eligibility includes all children who were initially identified by their teachers or parents as having both reading and attention problems. Parents and teachers completed the Swanson Nolan and Pelham (SNAP-IV; Swanson, 1992) inattention items. Parents of children who were currently taking medication for ADHD were asked to rate their children's attention on medication; to qualify for further evaluation, children had to be rated as having some (Ն4) This document is copyrighted by the American Psychological Association or one of its allied publishers.
inattentive symptoms even when taking medications. Children who met criteria on the SNAP-IV were administered the Kaufman Brief Intelligence Test, Second Edition (Kaufman & Kaufman, 2004) and Woodcock-Johnson III (WJ-III; Woodcock, McGrew, & Mather, 2001 ) Letter-Word Identification and Word Attack subtests. Children were considered to have word-level reading difficulties or disabilities if they had a standard score of Յ90 (i.e., Յ25th percentile) on either WJ-III subtest or the Basic Reading Skills composite. This is a common benchmark for inadequate treatment response in reading intervention research, for example, (Denton et al., 2013; Torgesen, 2000; Torgesen et al., 2001; Vellutino, Scanlon, Small, & Fanuele, 2006) and indicates that children are likely to require intensive reading intervention to prevent or remediate serious reading difficulties or disabilities (Denton et al., 2013; Fletcher et al., 2011; Fuchs, Fuchs, & Compton, 2004) . For example, Fuchs et al. (2004) reported that postintervention word-reading performance Յ the 25th percentile discriminated between children with severe and less severe reading impairment, with effect sizes greater than 1 SD. Additionally, the ability to decode and read individual words during this developmental period has been shown to be related to future high school performance and drop-out rates (The Annie E. Casey Foundation & Hernandez, 2011) and is a fundamental skill for other reading abilities such as reading comprehension (Perfetti, Landi, & Oakhill, 2005) . We excluded children with Full Scale and Nonverbal IQ estimates Ͻ70; we used a lower IQ threshold for inclusion as IQ scores do not differentiate cognitive characteristics or intervention response among poor readers who have IQ scores above the threshold for intellectual disability (reviewed in Fletcher et al., 2007) . Parents of children who qualified on all measures were administered the Diagnostic Interview Schedule for Children (4.0; DISC; Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000) , and children were examined by a study physician. Children met DSM-IV diagnostic criteria for ADHD (Combined or Inattentive type) based on the DISC. If a child did not meet diagnostic criteria on the DISC, we supplemented the DISC symptom ratings with teacher ADHD ratings (MTA Cooperative Group, 1999a) , if a child was rated by the teacher as "quite a bit" or "very much" on ADHD symptoms that did not overlap with those identified by the DISC, those symptoms were counted in the eligibility determination. Exclusionary criteria were cardiovascular problems; chronic tics; This document is copyrighted by the American Psychological Association or one of its allied publishers.
taking a concomitant medication with potential to significantly affect ADHD that would be contraindicated to take with the study medication; severe psychopathology, autism, or sensory disabilities; or not receiving instruction in English. Table 1 shows demographic and clinical characteristics of the sample. Children were predominantly male, African American, and economically disadvantaged. Informed parental consent and child assent were obtained for all participants.
Measures
Swanson, Nolan, and Pelham (SNAP-IV) DSM-IV ADHD Rating Scale (Swanson, 1992) . Raters evaluate how well each DSM-IV ADHD symptom describes a child on a four-point Likert scale (0 ϭ Not at all, 1 ϭ Just a little, 2 ϭ Quite a bit, 3 ϭ Very much). The measure shows adequate internal consistency (.94) and test-retest reliability (Bussing et al., 2008; Gau et al., 2008) . Primary ADHD outcome measures were averages of the inattention and hyperactive/impulsive symptoms for parent and teacher ratings completed at pre, post, and follow-up.
Wechsler Individual Achievement Test, 3rd Edition (WIAT; Wechsler, 2009). The WIAT Word Reading and Pseudoword Decoding standard scores obtained at pre, post, and follow-up were the reading outcome measures for the study. Split-half reliability for these two subtests for 2nd through 5th graders are Ն.96 and test-retest reliability Ն.93. Validity studies show that these subtests are sensitive to detecting Reading Disorders and have good construct validity with other sight word and nonword reading tests (Breaux, 2010) .
Design and Procedures
Families were initially screened for eligibility using the procedures previously described. Children taking psychostimulants at the time of enrollment did not take those medications during the baseline assessment. Eligible children were then randomized, stratified by grade, to: (a) reading treatment only, (b) ADHD treatment only, or (c) combined reading and ADHD treatment. Participants received 16 weeks of treatment, at no cost, and participated in a posttest evaluation and a follow-up evaluation 3 to 5 months posttreatment.
1 Children in the ADHD and combined treatment groups completed the posttest while on study medications.
Participants were administered behavioral and academic measures, as well as measures of service utilization and related domains at each assessment. In this paper, we report the primary study outcomes: ADHD symptoms, word reading, and phonemic decoding. We were particularly interested in examining intervention effects on inattentive symptoms since inattention, rather than hyperactivity, is primarily related to reading difficulties (Massetti et al., 2008; Willcutt & Pennington, 2000) ; however, we also examined hyperactivity/impulsivity since a reduction in these symptoms could also improve response to reading intervention. We examined word reading and phonemic decoding as primary reading outcomes because word-reading disability is the most common reading disability (Fletcher, 2009; Vellutino, Fletcher, Snowling, & Scanlon, 2004) and was the required area of reading impairment for inclusion in this study.
Reading treatment. Reading treatment targeted phonics, word identification, spelling, reading fluency, and comprehension.
All children received word study instruction and read connected text in every lesson; the proportion of lesson time devoted to word study, fluency, and comprehension was adjusted to address the needs of individual students. Children were provided with explicit, systematic instruction in word reading, decoding, and spelling using published programs Vadasy et al., 2005) , supplemented with a set of hands-on practice activities that included the use of manipulatives (e.g., magnetic letters). Students read both decodable and nondecodable text. To build oral reading fluency, students engaged in repeated reading practice of nonfiction texts with monitoring and feedback (Chard, Vaughn, & Tyler, 2002) using QuickReads (Hiebert, 2003) . Each fluency passage was accompanied by comprehension activities, including instructional routines in cognitive and metacognitive comprehension strategies (e.g., self-monitoring, summarizing). More information regarding the reading intervention can be found in the online supplemental materials.
Reading intervention was provided to one or two students at a time for 45 min, four days per week for 16 weeks. Interventionists, most of whom were certified teachers (87%), attended a 4-day initial training provided by the principal investigator (PI) and reading specialists at each site; returning interventionists received two days of training in subsequent years. Interventionists met regularly with the site reading specialists and received ongoing intensive coaching throughout the intervention period. Site reading specialists attended at least monthly teleconferences with the project PI.
At three to four points each year, each interventionist was videotaped and videos were coded for treatment fidelity. Interobserver reliability was reestablished prior to each cohort based on absolute agreement (agreements Ϭ agreements ϩ disagreements); mean agreement was 94% Ϯ 2%. Then, each reading specialist viewed and coded videotaped lessons of interventionists from the other study site. Fidelity was rated using an instrument that reflected key characteristics of each intervention component (e.g., explicit modeling; appropriate error correction). Each item was rated on a three-point Likert scale (3 highest). The score was calculated as a percentage of a perfect score for each lesson, that is, a rating of 3 on all items pertinent to the observed lesson. Across interventionists, sites, and years the mean fidelity rating was 95% Ϯ 3%. Individual feedback and additional coaching were provided to interventionists scoring below 95%.
ADHD treatment. The ADHD treatment involved parent training in behavior management and ADHD medication. The parent training intervention was adapted from that utilized in the Multimodal Treatment Study of ADHD (MTA Cooperative Group, 1999b) based on (Barkley, 1987) . Training began with psychoeducation about ADHD and basic behavioral principles, followed by information about strategies including positive attention, contingent positive reinforcement, token economies, time out, and daily report cards. Parent training included nine group sessions over 10 weeks. Teachers were provided with written materials regarding establishing a daily report card and offered a 1-hr telephone consultation with the psychologist to establish a daily report card. Each group session lasted 1.5 hours. Groups ranged in size from 4 to 13 families. All sessions were conducted by clinical psychologists who attended a 2-day training led by the co-PI, who also provided weekly coaching via teleconference. All sessions were audiotaped, and a minimum of two randomly selected sessions per site per cohort were coded for fidelity to the treatment manual (i.e., covered the specified content for each session). The mean fidelity rating was 99% Ϯ 2.2%.
Treatment with open-label medication typically began with a low dose of an extended release methylphenidate (MPH), 2 which was titrated up to either satisfactory benefit or limiting side effects. Weekly Vanderbilt Parent and Teacher ADHD rating scales (Wolraich, Feurer, Hannah, Baumgaertel, & Pinnock, 1998) , in addition to the Pittsburgh Side Effects Rating Scale (Pelham, 1993) , were obtained from both parents and teachers to monitor response to medication and side effects. If a child did not respond to MPH, treatment with a low dose of mixed amphetamine salts was initiated and titrated up until an optimal dose was achieved. If a child did not respond to either stimulant medication or did not tolerate either stimulant medication due to side effects, a trial with atomoxetine or extended release guanfacine was initiated. Physicians aimed for an optimal response to medication defined as a Clinical Global Impression or CGI (Leon et al., 1993) score of 2 (minimally ill) or 1 (not at all ill). When children reached that rating, treatment was continued at that dose for the remainder of the study period with monthly monitoring visits.
3 Medication decisions were reviewed on a weekly cross-site conference call led by an expert on pharmacological management for ADHD.
The ultimate medications prescribed to those who received medication were extended release MPH (ADHD ϭ 29/59; combined 24/55), mixed amphetamine salts (ADHD ϭ 24/59; combined ϭ 23/55), atomoxetine (ADHD ϭ 2/59; combined ϭ 2/55), guanfacine (ADHD ϭ 1/59; combined ϭ 6/55) or mixed amphetamine salts immediate release (ADHD ϭ 1/59). Based on parent preference and significant side effects one participant in the ADHD only group was prescribed an alternative medication at their final visit (1 ϭ lisdexamfetamine dimesylate) and one opted to discontinue medication altogether at the end of the study. Details on ultimate dosages can be found in the online supplemental materials.
Combined treatment. Children randomly assigned to this condition received both the reading and ADHD treatment components. Thus, children in combined treatment simultaneously received medication, parent training, and reading intervention.
Analytic Approach
All analyses were conducted using an intention to treat approach; every subject randomized was considered in the analysis as a member of the treatment group to which s/he was assigned with the exception that six children were excluded from analyses because upon ex post facto review of records, they did not meet This document is copyrighted by the American Psychological Association or one of its allied publishers.
ADHD, RD, or IQ inclusion criteria (see Figure 1) . Nine children withdrew during the course of the study, and an additional nine children had both pre and post data but did not receive their assigned interventions. These children, along with others with low adherence to study treatments, were retained in the intent-to-treat analysis, resulting in an analysis sample of 216 children.
One way ANOVAs and chi-square tests were used to compare the three treatment groups on various demographic and clinical characteristics at baseline to investigate whether randomization was effective at producing equality across groups. For the estimation of the treatment effects, we employed a mixed models (MM) covariate-adjusted gain score approach (Petscher & Schatschneider, 2011) via maximum likelihood estimation. Maximum likelihood uses all available data points from each subject in the estimation of parameters and is a preferred method for the handling of missing data in treatment studies (Enders, 2010) . In this set of analyses, we regressed the posttest or follow-up score onto the pretest score (covariate) and treatment group. The main effect of treatment was interpreted as reflecting an effect of intervention, which was followed up within the same model with a set of three post hoc contrasts comparing the least-squared mean estimates at posttest or follow-up. The p values from these post hoc analyses, were corrected for multiple comparisons across all comparisons using False Discovery Rate procedures (Benjamini & Hochberg, 1995) . The p values reported in the text for the primary analyses investigating immediate and follow-up treatment effects are corrected values. Hedges's g was computed as an estimate of effect size (Cohen, 1992) . Interactions between baseline scores and treatment condition were inspected first to assess whether the assumption of homogeneity of regression lines was met; in cases where this assumption was violated (i.e., parent ADHD ratings at posttest, teacher hyperactivity/impulsivity ratings at follow-up), analyses included these interaction terms. We used the same approach for analyses examining potential interactions with gender and site.
To investigate the effects of adhering to the treatment protocol we computed difference scores (posttest minus baseline) for each dependent variable and correlated those scores with the relevant adherence metric (i.e., for reading only, we correlated the change scores with number of reading sessions attended; for ADHD, we correlated the change scores with the number of parent training sessions attended and with the proportion of days the children took medication; for the combined treatment we correlated the change scores with all three adherence variables).
Finally, we conducted exploratory analyses examining the effects of cross-over treatments; that is, excluding participants receiving medication (n ϭ 15) and/or parent training (n ϭ 3) in the reading only group, and receiving supplemental reading instruction (n ϭ 27) in the ADHD only group.
Results
Preliminary Analyses
The ADHD, reading, and combined treatment groups did not differ on baseline demographic and clinical characteristics with the exception of gender (see Table 1 ); there were fewer boys in the combined treatment group. Significant treatment effects were not observed for gender nor did gender interact significantly with treatment for any variable. Site did not interact with treatment group at either posttest or follow-up on any of the ADHD or reading outcomes. There were also no significant differences on baseline parent or teacher inattention or hyperactivity/impulsivity ratings or word reading between the nine students (1 from reading, 5 from ADHD, and 3 from combined) who dropped out from baseline to posttest and the four students (2 from ADHD and 2 from combined) who dropped out from posttest to follow-up (13 total) and the rest of the sample (all ps Ͼ .11). Nor were there any differences between those that dropped out at posttest and those that did not, and those that dropped out at either posttest or follow-up and those that did not (all ps Ͼ .07).
Treatment adherence. Of the 78 children randomized to the ADHD intervention only, 85.9% received some treatment (i.e., started medication and/or attended Ն1 parent training session). Of the 74 assigned to the reading intervention only, 98.6% attended at least one reading tutoring session. For the combined condition, 95.7% of the 70 children assigned to receive both the ADHD and reading interventions received some ADHD or reading treatment. Generally, adherence was poorer for ADHD medication and parent training than for reading treatment, which was delivered at school during the school day (see Table 1 ).
Every effort was made to keep families in the treatment to which they were randomly assigned; however, at posttest 22.5% of the children assigned to the reading treatment reported taking ADHD medication provided by nonstudy physicians during the intervention period and 4.1% reported receiving parent training, and some children assigned to the ADHD (17.1%) and combined (6.1%) conditions reported no longer taking medications. In addition, some children in each of the three treatment groups received supplemental school-provided reading intervention in addition to their regular classroom reading instruction time. At posttest, according to teacher report, 31.5% of children in the reading, 36.4% in the ADHD group, and 28.8% in the combined treatments received supplemental reading intervention from a special education teacher or reading interventionist at some point during the intervention period; these proportions did not differ between groups, 2 (2) ϭ 1.181, p ϭ .554. At posttest, parents reported that 29.3% of children in the reading, 34.1% of children in the ADHD group, and 36.6% of children in the combined treatments were receiving support from an IEP or 504 plan. Parents who completed surveys at follow-up (ϳ70%) indicated that at that point, 28.6% of children in the reading treatment were taking ADHD medication, whereas 61.5% in the ADHD treatment and 66% in the combined treatment were taking medication.
Immediate Treatment Effects
Parent ADHD ratings. The ADHD (p Ͻ .001, Hedges's g ϭ .87) and combined (p Ͻ .001, g ϭ 1.06) treatment groups were rated as significantly less inattentive than the reading treatment group, but did not significantly differ from one another (p ϭ .358, g ϭ .19). Similarly, the ADHD (p Ͻ .001, g ϭ .75) and combined (p Ͻ .001, g ϭ .95) treatment groups were rated as significantly less hyperactive/impulsive than the reading group, but did not significantly differ from one another (p ϭ .248, g ϭ .20). See Table 2 for more details. Observed means are reported in the online supplemental materials.
Teacher ADHD ratings. The same pattern of results was observed for teacher ratings, such that the ADHD treatment (p Ͻ This document is copyrighted by the American Psychological Association or one of its allied publishers.
.001, g ϭ .67) and combined treatment (p ϭ .047, g ϭ .36) groups were rated as significantly less inattentive than the reading treatment group, but did not significantly differ from one another (p ϭ .093, g ϭ .31). Teacher ratings of hyperactivity/impulsivity were lower for the ADHD treatment (p Ͻ .001, g ϭ .50) and combined treatment (p ϭ .009, g ϭ .41) than the reading treatment group, but did not differ significantly from one another (p ϭ .588, g ϭ .09).
Reading performance. The reading treatment (p ϭ .037, g ϭ .23) and combined treatment (p ϭ .006, g ϭ .32) groups had higher word reading scores than the ADHD treatment group, but did not differ significantly from one another (p ϭ .470, g ϭ .09). Similarly, the reading treatment (p ϭ .0004, g ϭ .39) and combined treatment (p ϭ .004, g ϭ .39) groups had higher phonemic decoding scores than the ADHD treatment group, but did not differ from one another (p ϭ .629, g ϭ .00).
Adherence. For ADHD only, medication adherence was negatively associated with parent hyperactivity/impulsivity ratings (r ϭ Ϫ0.30, p Ͻ .05) and teacher inattention (r ϭ Ϫ0.32, p Ͻ .01) and hyperactivity/impulsivity ratings (r ϭ Ϫ0.34, p Ͻ .01); parent training adherence was negatively associated with teacher inattention ratings (r ϭ Ϫ0.26, p Ͻ .05). Although not significant, the correlations between parent training attendance and parent ADHD symptom ratings were in the expected direction (r ϭ Ϫ.11 for parent inattention and r ϭ Ϫ.18 for parent hyperactivity/impulsivity for the combined treatment, and r ϭ Ϫ.08 for parent inattention and r ϭ Ϫ.11 for parent hyperactivity/impulsivity for the ADHD treatment).
For the combined condition, reading adherence did not correlate significantly with any of the dependent variables. In contrast, medication adherence correlated negatively with teacher ratings of inattention (r ϭ Ϫ0.29, p Ͻ .05) and hyperactivity/impulsivity (r ϭ Ϫ0.32, p Ͻ .05), and parent training attendance correlated negatively with teacher ratings of inattention (r ϭ Ϫ0.28, p Ͻ .05) and hyperactivity/impulsivity (r ϭ Ϫ0.26, p Ͻ .05) in the combined condition. Thus, higher medication adherence and/or parenttraining attendance was associated with more improvement in ADHD symptom ratings.
For reading only, adherence was not associated with the ADHD or reading variables. Correlations between reading intervention attendance and reading outcomes were mostly in the expected direction (r ϭ .13 for word reading and r ϭ .01 for pseudoword decoding for the combined treatment, and r ϭ .20 for word reading and r ϭ .15 for pseudoword decoding for the reading only treatment) although not significant.
Follow-Up Treatment Effects
Parent ADHD ratings. The ADHD (p ϭ .012, g ϭ .46) and combined (p Ͻ .001, g ϭ .84) groups had lower inattention ratings than the reading treatment group, but did not differ significantly from one another (p ϭ .058, g ϭ .38). For parent hyperactivity ratings, the ADHD treatment (p Ͻ .001, g ϭ .77) and the combined treatment (p Ͻ .001, g ϭ .98) groups were rated as significantly less hyperactive/impulsive than the reading treatment group but did not significantly differ from one another (p ϭ .098, g ϭ .21). See Table 3 for more details. A graphical presentation of the data is provided in the online supplemental materials.
Teacher ADHD ratings. The ADHD (p ϭ .006, g ϭ .52) and combined (p ϭ .020, g ϭ .46) treatment groups were rated as significantly less inattentive than the reading treatment group but did not differ from one another (p ϭ .756, g ϭ .06). Similarly, teacher ratings of hyperactivity/impulsivity were lower for the ADHD (p ϭ .011, g ϭ .44) and combined (p ϭ .008, g ϭ .49) treatment groups than the reading treatment group but not from one another (p ϭ .756, g ϭ .05).
Reading performance. The reading (p Ͻ .001, g ϭ .47) and combined (p Ͻ .001, g ϭ .41) treatment groups had higher phonemic decoding scores than the ADHD treatment group but did not differ from one another (p ϭ .65, g ϭ .06). There were not significant differences between groups on word reading at follow-up.
Exploratory Crossover Analyses
Results of the exploratory analyses excluding participants who received medication and/or parent training in the reading only This document is copyrighted by the American Psychological Association or one of its allied publishers.
group, and excluding participants who received supplemental reading instruction in the ADHD only group, showed the exact same pattern of results as the primary analyses with two exceptions. 1) At posttest, for teacher inattention, the ADHD group was rated as significantly less inattentive than the combined treatment (p Ͻ .022, g ϭ .41) and reading (p Ͻ .001, g ϭ .79) treatment groups, and the combined treatment group was rated as significantly less inattentive than the reading treatment group (p Ͻ .023, g ϭ .38); and 2) at posttest, the main effect of treatment on Word Reading was no longer significant (p ϭ .128). See Table 4 .
Discussion
This is the largest study to date to evaluate the effects of disorderspecific and combined treatment strategies for elementary school-age children with well-characterized ADHD and word reading difficulties or disabilities (n ϭ 216). Children with ADHD/RD who received only ADHD treatment had significantly greater reduction in ADHD symptoms compared with those who received only reading treatment. Children who received only reading intervention had significantly better word reading and decoding outcomes than those who received only ADHD treatment. Although it is clear that ADHD treatments are necessary to target ADHD-related outcomes and reading treatments are necessary to target reading outcomes, receiving both treatments simultaneously does not appear to increase the effectiveness of these treatments on ADHD or reading outcomes. However, since it appears that both disorder-specific forms of treatment are necessary to treat the range of impairments for children with ADHD/RD, the optimal treatment strategy is clearly a combination of ADHD and RD treatment.
Effect sizes were moderate to large for the ADHD outcomes, particularly inattention ratings, consistent with literature showing This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
large effect sizes for medication on ADHD symptomatology (Swanson et al., 1993) . Importantly, reductions in ADHD symptomatology were clinically meaningful with children moving from the symptomatic range (scores of 2 or more on the ADHD rating scale which reflect moderate to severe symptoms) to the mildly symptomatic range (scores of 1 or less reflecting just a little or occasional symptoms). Effect sizes for reading outcomes were somewhat smaller than usually seen for word reading interventions in Grades 2-5 (Elbaum, Vaughn, Hughes, & Moody, 2000; Wanzek & Vaughn, 2007; Wanzek, Wexler, Vaughn, & Ciullo, 2010) . Differences between our study findings and these previous studies may be due to the fact that (a) the intervention in the current study was shorter (i.e., 16 weeks) than typically provided to students with serious RDs; (b) participants had both ADHD and RD, which has been associated with poorer response to reading intervention (Nelson et al., 2003) ; and/or (c) our study compared the RD treatment was compared with an alternative treatment (i.e., ADHD treatment), whereas other studies frequently contrast reading treatment with no supplemental treatment or typical school instruction (Elbaum et al., 2000) . Regardless, these reading treatment gains of approximately half a standard deviation on reading standard scores are considered clinically meaningful (Institute of Education Sciences, 2013; Nigg, Swanson, & Hinshaw, 1997; Norman, Sloan, & Wyrwich, 2003) . However, despite gains during the intervention period, on average, children in all groups remained impaired in word reading and phonological decoding at the end of the study (i.e., mean standard scores ranging from 75 to 80), suggesting need for more extended intervention (see Vaughn, Denton, & Fletcher, 2010) . The need to treat ADHD and RD with relevant disorder-specific interventions may be related to the unique cognitive profiles associated with the two disorders. For example, deficits in phonological awareness and other aspects of phonological processing are particularly characteristic of RD but not ADHD (Fletcher et al., 2007) , whereas ADHD is associated with a variety of executive function deficits (Barkley, 1997) . Individuals with comorbid ADHD/RD demonstrate characteristics of both disorders but do not seem to have a unique cognitive profile (Fletcher et al., 2007) . Prior research has shown that treatment with ADHD medication alone can improve reading outcomes in children with comorbid ADHD/RD, but others have reported that treatment with ADHD medication does not impact cognitive-linguistic processes related to reading (Balthazor et al., 1991; Bental & Tirosh, 2008; de Jong et al., 2009; Holmes et al., 2010) . In prior studies of the impact of medication on reading, medication may have allowed children to better demonstrate what they know on assessments without impacting underlying reading-related processes.
At follow-up 3 to 5 months after the study-related treatment had ended, the ADHD and combined intervention groups were still rated as less inattentive and hyperactive/impulsive than the reading intervention group. Significant group differences for pseudoword decoding were also evident at follow-up, indicating that the reading treatment remained superior to ADHD treatment. Group differences in word reading were not significant at follow-up; it should be noted, however, that changes in the covariate-adjusted mean word reading standard score from posttest to follow-up were small (i.e., loss of ϳ1 standard score point in reading treatment and combined groups, no change in ADHD treatment group; Table 2 ). Children would have probably benefitted from ongoing supplemental tutoring.
Combining ADHD and reading treatments for children with comorbid ADHD/RD did not enhance the effectiveness of disorderspecific treatments on ADHD symptoms or word reading or decoding outcomes for children in this study. Only one previously published study was found that investigated combined effects of ADHD and reading treatments on ADHD and reading outcomes, and that study reported inconclusive findings (Richardson et al., 1988) . It is difficult to directly compare the present findings to those reported by Richardson et al., given that in that study (a) children were included based on hyperactive/impulsive symptoms, (b) the interventions were dissimilar (i.e., no parent training, reading intervention relied a great deal on parents), and (c) all children were tested at posttest off medication. Despite these key differences, results reported by Richardson et al. (1988) are largely congruent with those of the current study, finding little support for a synergistic effect for combined treatments of ADHD and RD. However, the current study illustrates the efficiency of treating the two conditions simultaneously. In addition, the fact that the main effect for word reading was no longer evident once children who received medication and/or parent training were excluded from the analysis (Exploratory Crossover Analyses, Table 4 ) suggests a possible advantage for simultaneous treatment for word reading.
Strengths of this study include the use of a randomized trial design and intent-to-treat analyses, which are more conservative and preserve the presumed equivalency of groups allowed by randomization, as well as strict selection criteria and monitoring of treatment delivery, resulting in high internal validity. Additionally, the majority of participants were low income African American children, an understudied at-risk group. Children from low income households are at higher risk for ADHD (Miech, Caspi, Moffitt, Wright, & Silva, 1999) , and national reading assessments consistently indicate that significantly larger proportions of poor and African American students fail to achieve even basic reading proficiency, relative to White and higher-SES students (National Center for Education Statistics, 2015) .
Despite these strengths, the findings of this study must be interpreted in light of its limitations. First, there was not a no-treatment control group; the mere act of participating in an intervention may account for some of the improvement reported for all groups. Although every effort was made to promote adherence, there was some cross-over between treatment groups as well as nonadherence, particularly for the ADHD treatment, which may have impacted our ability to detect treatment effects. In fact, adherence analyses revealed that children who adhered to the ADHD treatment had better ADHD outcomes, particularly teacher ratings. Further study is needed to investigate the relatively weaker association between adherence to parent training and parent-rated improvement in ADHD symptoms. Additionally, future studies may wish to measure parent-training adherence using alternative measures than attendance. For example, measures of treatment engagement/involvement, treatment satisfaction ratings, assessments of at home behavioral task completion, and so forth, could be utilized to provide a finer grained analysis of adherence. The fact that the majority of individuals were highly adherent to the reading intervention delivered in the schools may have reduced our ability to investigate and detect an association between adherence and reading outcomes (i.e., lack of range on this variable). Additionally, treatments were not sequenced such that an optimal response to ADHD treatment was established prior to initiating reading intervention, which may have impacted the ability to detect incremental benefits for the combined treatment group. In addition, This document is copyrighted by the American Psychological Association or one of its allied publishers.
potentially meaningful effect sizes on nonsignificant contrasts for combined treatment versus ADHD treatment on teacher-rated inattention (g ϭ .31) indicate that further study with a larger sample size may be needed to confirm a lack of synergistic effects of combined interventions on ADHD outcomes. Another potential limitation is that we did not track nor enforce uptake of the daily report card component of the parenting intervention, nor did we implement a classroombased behavioral intervention which may have had more impact on reading outcomes than the home-based treatment regimen. Finally, the current results describe intervention effects on word reading and phonemic decoding; the pattern of findings may differ for other reading outcomes (comprehension, fluency, etc.) or for more global measures of functioning. When generalizing the results of this study to other populations of children with comorbid ADHD and RD, the characteristics of those children should be compared with those of children in our sample. First, the reading inclusion criteria in the current study resulted in a sample of children with word-reading difficulties; results may differ for children who are primarily impaired in reading comprehension. Although the reading inclusionary criteria were not as stringent as might be used in clinical practice, our sample had mean baseline word reading and decoding scores at the 4th and 5th percentiles; moreover, our analysis indicated that baseline level of reading impairment did not interact with study outcomes. The average IQ of participants in this study may somewhat limit generalization to populations with higher IQs, although there is strong evidence that IQ makes only a very small contribution to predictions of response to reading interventions (Stuebing, Barth, Molfese, Weiss, & Fletcher, 2009 ). Finally, although oversampling of low-income, African American children provides valuable information about treatment of this understudied population, it may also limit generalizability.
Overall, the results of this study suggest that disorder-specific treatments are required for children with comorbid ADHD/RD. It did not find support for the common perception that for children with ADHD and a comorbid disorder, treating ADHD allows children to maximally benefit more from other forms of treatment through improved readiness to learn (Pelham & Waschbusch, 1999) . This has important implications for educators, clinicians, and families who may wonder whether a child with comorbid ADHD/RD can be successfully treated by only remediating word reading difficulties or by only addressing ADHD symptoms. These children appear to benefit most from treatment of both disorders. Future studies should assess potential moderators of treatment outcomes, as well as the relative benefits of the ADHD, reading, and combined interventions on alternate outcomes (e.g., reading comprehension, executive functioning, quality of life, global impression of improvement considering all variables).
